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Abstract of JP91 65295 
PROBLEM TO BE SOLVED: To provide a 
method for producing a diamond single crystal 
simply and surely, capable of being effectively 
used for the usages as a spectrophotometric 
crystal in an X-ray region or an electronic 
material, little in defect and distortion. 
SOLUTION: This method for producing a 
diamond single crystal little in defect by growing a 



new diamond crystal on a diamond seed crystal 
by a temperature difference method, is to use the 
diamond single crystal without having a defect as 
the seed crystal, and further as necessary to 
heat-treat the obtained crystal in a low pressure 
non-oxidizing atmosphere at 1,100-1,600 deg.C. 
By these methods, the lla-type diamond single 
crystal little in defect and having almost no 
distortion such as having <=3* 10<5> /cm<3> 
etch pits due to a needle-like defect, is obtained. 
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i ] i&mmmz x o . r 4 * * y h <a«is a 
t*i^tciEtT«i±^#is^tt#fflm+t"i ioo~i 

6 0 0"C«ia*-CSftJ!Mi-f5 £ fc SrWS J: 
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[ mix i ] swxmz iftx 7 ft7h*«3xio 
if i fcisttoisfeS^ffl^Rai i aiM^-f y h 

kMzWztzVA FUSASrWJfc-f 6 ^ -V^E y Km 

t -f 1 ~ 3 ^fiAHciEttOffiXHSTW -V* y 

[I*^iH5] a*£Atc. XSf^^CiOfS^ 

[ W*JI 6 ] i. 0« ^ -V* y h*<0«*Sft 

±.lzmtztcy4 -V * y F&A £ WfiSc-T S ?M y F# 

3r< k tfrJt'Sr^'f ^yF3£A£)&;il£-£&?iW~. 
IS AXFfi*** nf^tty F <>3*tS A £ ffl v> & .1 k £«f 

yFjjM&Atf)"£j£:fr8;. 

ms&xmnm hti^y^ -v^ y f &»£A(cffivi 
zzt im&t-rhmm e ^mm&x.myj y 

•Vt y F g A £ fi!c^ $ ■£ I. Affile . X -y f- y 7 T"* F 

i o is B a B ^i5* 5 isfe ^ftsrv * r-r -v^e y f zmmgkizm 
y Wf^MJS. 

[ tmm 9 ] i&i&mmiz io, *m y f<o«*sa 
±.izmtz%y4 y fisa Sr'finaws *w y Fm 
s&A^jfcfrffifcfcvvt, ^ -"r^y Fcoai&Afc. a 

ktfMJ- 0 ft L fclSA* * ffl n h Z k £ tttt k "f £ IB 
1 — 3 ^f«rix*HcietK(7)fftXra^W -V=E y KJftKfA 

c if i o 3 swaei£v-&js Ltz-rj^yy mm 

A£, Xih^'77l:± 9*SA*K«0#f|i#JBI£PI 
titftk-ti i k ^WSLk-th SW&B 9 ^lEIfi^ffiXK^ 



Ffi^v^^W DHiLT. SSAk -tS i k frl#t&k 

-rsff^Ji 9 fciett<ofi6XB^>f -v* y k**s a<o^« 
[ if mm i 2 1 jgjsM-ST'^fiJc Lt^^yF juts 

ASr^tttcW 0 £±S L . ^^^ffi^*SAXfficO^Wm5r 
^Pfij&^V ^au^-Srfl) 0 ft LT . aSSAk f 6 i k ^Wfit 

k if 9 izt mni&xmr -fttyv m*SA^ 

[ if i 3 ] wj&g&iz x o , N+tyF <oais 
Aitff^^y^ "V^e y HteA* WfiK-r s ^'f -v* y F 

y4^yy*m^&zk*mwLk-thm$a% ( 1 ) ~ 

( 3 ) ^Mtl*H2fEtU^ffi^K^M ttf F#ISA^ 
Clf^S l 4 ] SteAtc. tfctlimiSI^T-i^Artic 
feitsa 1 3 {'fEfgOfS^PSr-f -V* y F'iW£Atf)-&j£ 
[ If *JB 1 5 ] If *ifl4 - 1 4 cr)Mix*Hc|ett^*ffi 

<mmm%*T 1 1 o o°cjii± 1 6 o o*cmT<ojaKT 
M&awa-r s i k znwik-r&i&xmyj y H*ts 

umm i 6 ] Mfe«ra^-si?r<o^ y f#*sa 

tyK«feS(:/77T'f F)S:^l^*5!iJIS:i6-r- k Sr 

wmt-t&smm i 5 KtBttofls^si^'f tty»is 

[ aWflS 1 7 ] |PK-fktt»H^ WK«^S35* 1 0 T 
o r rUTT'*-?>^kSr^k-r?)If*lMl 5, X<±1 

[ if mn i 8 ] ^ ^ »-fbtt#H»ti , *m *^nx iz 
xhy'^x-vx'fo&zkzimk-t&n&mi 5-1 7 

<0ffl*ia»£!E»<3ffiXK*''f a-^e y Fm*SAcoM3S* 
i6. 

[ M** 19] 0 . 1 c t JJLhco^-f -V^: y F mtSA 
Sr. ffiE«#fK-(btt«:H»«f T 1 1 0 0*cm±l 6 0 0 

A^y H#tSA<o»JS*&. 
[ if 2 o ] ipj»«!a«ro^>f -vt y f #^a(±. 

II aSco^^-V^y KJWSftT* &V4feJ± 
«fttt3Wa»X*EIW 3tJStt^<75¥ffl*iC0 5 «JJU*I<0^ 
fig^-f ■Vt y KJW6AT* S i k *«fak -T Sft*« 1 

cif 2 1 ] mmm-thmnyA ^ y f#?sa 

* y H*»fit ^5 7r-( F^I^*^I^Iife1-^ k 
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i tmm 2 2 ] imimmmmmmcottEtf i o t 

o r r VXYX'h tZb ZftW. t-fUmm 1 9 - 2 1 CO 

±&7'7X^x'fr&zt£wmt-f&immi 9-22 

[ ii5t<ii 2 4 ] 19—23 cowtiiztm^wm 
itmz x^xmmztitzz t zmkt-t&i&xmyj*? 

[0001] 

Ymm^mf^^jsi^mzm-t^ h^x-h 
a xmwM t lx m ^ hti h i&xmyj y h m*s B B B 

[0002] 

mmnumju k yt^ff a , u-^-m, mm&¥h£. 

co^#(±^m Ltzi&x'&ikmzvrfi-r h fzih. m^xm 
co^ft , aisfflr & s J8&# t - h y y ? *xbm* kir 

htlX wk . * , ESPRS p p m OTtfJHMS 
II al^ KiaTOfctSjJ&^KK , *S€li8 H JrC3fr9 

jmnmrntix^ztzib. v—v-mim 

!£Sk7&m*i&XZtiZ.b$:m.ML. tSftrtlBfcXRB^ 

[0003] j®effiSiaTTAXW^^«3<l6ii*<0 
bltWii, gel 0 Oppm^If 

tistt. z^mm^i. y4^^>Y^ e Mzm±m.^m 

ttiS:^. 4fc, ^ B B B rtSI5T'g*^^{^§^A5^ 



1 i ^rt'iOMfgy -y ^ — SrSSiP-t SCI t X\ MSSr 
SS:p p mggtitlit^ h Z. k nm^iiX „ L 
*>U SBRy -y ^-SritjaE+fcaSJirrS i:-^t^ B B B 4> 
Kfl£*^<lXD:2 : 4ir^< : S: K K ft«^ B B B «* 

TtfgS-^y-y^-i: U R«*te|«}tlflBWISA+WRO 
jit^ViiolCl^t-S^fcT. ^*0. lppm 

[0004] ft*. ^^^Hiiam, «TH'jas5» t 
iscofiii^xi«^T-co^ffl^ B B B ^, *mwy4 -v^e y 

H *^ if * ? »f ^ffl ^ 1 1 T ? o-XT -y y $ ixT * 

5i:S*tTV^. flS^K^^yFJi, ^*S B B B T'{± 
Jt« «EJ*fir v ^ . AXS<j fciWEfc ffl v »T-&« S ix * r -f 
tyH. sKtt-e^-Ctlla MtV^ix^^^M^fi 

& S iiT ^ S A , «!*<aXRS^ •< ^ >- H 3bWS t $ 

-p* s . m^.x'i±immxm<^Kc^Aj:y 4 y h 

[0005] -ux\ yj tt y Hw«$rex#-n>/ift 
tv->&. mtimwmE^w&t Lxm^ btxzy-i^ 

ty K*SAe<0««rai: LTt4#BBBS6 2- 1 0708 
^^■p^fc^, ^^-7-1 6 5 4 9 4-^&$B?tfh«$9 

Ti4. ±t LT^=&-fe^£ott§^t'Wc* , >^» felt 
HWSflSHt, «^ttBa!Wt:J:S^RS»Aa. 3 0 

o-8o Q°cxt\mmth ztizx*). %wm& 

r>tft>tlhZ.ktimt*iXX^h ( rjK^jxUSj . ^4 
0fS7f7 1I, 1 994^) . ^ixA,cOKia{±, * 
^KHatfSr tlz «t ^> ^*M^-coi£f4^*^<7){l*^m 
=Sr if ma $ iir-S. coX'li&^frk a^fLT v . LfrL 

[0006] — JST, m^«^e^^ffl^^{i:S B B H tt2:^i- 

- 7 7 1 7 6#^«-c«, mmtmrncowm^z v 
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yvvv-v? mmk. 6oo -c^mr ? x?mi 
-rz t x-y* ^mmz%m<n&gkxm*im, 

5-2499 O^&ffl) . K*#ffl««fTlra^S - t 
tc i 0 . *W - V* f K 6 £ fc < ffitftttfc t" 2: 

a*-r assail**-*- swi maw 6 -144995^ 

(Y.MorHftJpn J.AppI Phys, 31(1992), L1191) =Srh"* { 
[0007] dOUA\ ^t : eyK&7GPa > 10 

o o°cv±cvm&iSJ±TZ'tofmm-t& zbizx*) y-i 

-V^E > F tF$ffl,-$ hZb fim&ZtlX ^ 6 . Cl CO-fi&T 



M&ffh^tz. 
[0008] 

'v**A»3*M-<. awfiERifljryir/K ft- 

m&lc X-oXli-f <\,zmixx L&ob^d fflMftfo ~> 
tz. £fz. ^y^op<-^-^zS#:S«=5rt'«fS a B B tt 

ftxF, i: Bfti'ix 4 #&T£-f£ $ tut J* 

tt B B B (i . te&mzm t T ii?M<7> i> «dk Jt^T ii & *Hc 

[0009] 
[fil ] 









ia s^-fir^H 


—1.000 


7-60 




<1 


200-2500 


lb SI^-f^VF 




6-20 


-&« I IaSfcy-f 


<0.1 


4-6 



[ooio] cdt'o-x^y^-^ffile^, »-« 

B B B lz&f$.y>{ -V^t >- Ft£ A ( 0 0 4 ) " * J8 WC 2 fc!j B a B ?£ 

|Jg^*^V->tO >y^f >ytl—7 WD- F-ft-f-S)^ 
SUOW-f+tVHIil al, IlaSJfc 

l^Ii *^*»4 . ^Bgr^ -Y** > FT I ali 

a3R^«1ijtcJ:*Xffi. M* i; 5rV^i6. i«v^ B B B tt^t 

mZtitz&m I ai^M -Y-^E > F-Ct-tdO^ftttti^: 

^&yj j r : E>\ i ft^cr>xmx\ mmco, ig>&mmizj: 
h^\$L<7)l bm^y^^yvi.z^xK^hti^^cr, 

X'h h . Z (Vt&ikXmcotztb . ^jftl I aSN -Y** > F 

n, t/?n^-^ -^mw-m&i: b'^^m^n 
tfm$ztii>mmzimMT£*fr'>ti. *wmzti 



^McO^V^a^cO^-f -V* y F#S a B B 2:-&J3£-r 
mi:1g-&-tZ>Zb&Emt-t&i>cr>X'hZ. 
[00 11] *^i±. ilE^^oaSKkti^ 1 ), 4 s 

^<ti>o. i c tia±<o. l<j±i c tsjaosLt 

PB<0^ F Sr , H3«maiT^t«aM-4*ife 

WW* < . **o5»^SrV ^s a c p^ffi^:K^M -V*E >• F 
#^ H B B «: JS-T 4 *S ^ tJIft-t &ztz®wt-rh. 
[00 12] 

[^SSrfi?^4/cy><7)^S3 ±ie<^@s^(±. TIE 
( i ) - ( 24 ) zwmt-tzi&xmyj ^r^yvrnte 
^m/^^^mz x -oxmsL-ttz b &x-% h » 

( 1 ) imxmzi.tx.-v^\z'- / F#3X 1 0 5 jr/c 

m 2 KiTTft s z b zmmb^&m&mnfifci&xmi \ a 

( 2 > *S 3*«0 - 1 ^77 Fia±T'J>-S. ( 1 ) tzHSM 

com&MW%i&xmi i aSM^^f -v^^ f#ss b b b , 

(3) ^y^o^-^-XWSMSffiW ( 1 ) X(± 



(5) 
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( 4 > -ig&mmiz J: o „ *m -v^ > Foa*§AJb£SfTfc 

^rv vJM -"rt y F <omf§A£ ffl^t i k Sr^ftS k "f & 

( i ) — ( 3 ) cDfttifrizsimw&xmyj w^k* 

*S B B 9 ^fi!<;:fr)£. 

( 5 ) X»h^57t J: Otefl^W^iS^ 

&ft&v^4^:'K£JBv**wfc£ft18fc^& (4) 
tlEtt^ffi^RB^'f -V** y F #|gA*>£-l«*$£. 

[0013] ( 6 ) yummtz* o , *w -v* > f<o« 

*Sft± WWfc'Sr^'f ttvH *£b b b £ WJfc-f 4 ?M -V* v 
F#&A«l^£:Sr}££fc^T s -V * >- F^SSS A 
(=, / >=5r< k hmtztcVA -^:'FISA£rJ&£$-<2r4<i 
miz , i^aXm^Kc^^'^ -V^ > F^m*S B B B ?:fflv > h Z. 
tZtmt-tZ> ( 1 ) - ( 3 ) «0Mix*H=fB*SO«^Pfi 

^ v 

( 7 ) as-g B B B ^ffi^, ^-=Sr< k fc*rfc=fir^-f -V* V F 
*SA£j&ft£-£t«IEtc\ Xlh^77(cJ: OiiSAX 
R8a*i8#> ktl&^yj V F & VISACZffl v it It?: 

ffltt^ ( 6 ) (ciais^faxPii^M-v^ v f#^ b b b o 
( s ) aissco^fflt. ^< k itrntizyj > f 

JSaa 5- j&H $ •£ 1 *® . X ^- y y=f * biz X 9 ISb^ 
£Pfc#!Stf> &*i=5r -V* f F Atefflv ^ t i k 
Sr#1Sk-tt < 6 ) (efSiEcOffiXPiS^ -V^V h*m*Sfl 

( 9 ) iaSEHat «fc 0 . *W -TOf FoSteAJbtSrfc 
3r?M -Y*E y HIS AS: Wflg-f 6 *W y KJWSA*>£ 

HrfiStL -V* y F-P-sfaAck O^B^Pil^^v^^Sr 

woajL^teAfrSffl^titsri^iafc-rs < 1 ) ~ 
( 3 ) <nwtit^zim<r>%xmy4 -vtyFf^^ 

(10) aUBSffiT^JftLfc^-f^^HflittAS:. X 
i&F^^KJ: OttAXPfi^ffittffi^ilS^. 

liMiti ( 9 ) CEHOfi^M^-f-V^y F# 

[00141 (11) S«M&T'-&j£Lfc:?M > F 

#&a ^is^tctj] g m u £ w*m^ttAWBo»^pR 

SSS-XHh ^5 7 13 i 9 HtK. -tots * J: 9 ^® Ccfe 
AXBB^v^^OffiLT. atSAk-fSC: k £W 

takers (9) tcfs$E^«^P(B^^yFm*SB B B^ 
(12) jBsaiffiT^rttLfc^^vKJiiiSAtfieR 



( 9 ) KfEiSOi&XRSr-f -Vt^ F#ISb b b^-^r!c^)£. 

d3) iSi&mmzx k> . ^t^i'K^&Jitii 

>-FSrfflv^t^k$:#mi:i-t ( 1 ) - (3) coMii*» 

(14) atSAc WitffiswiwsfpcteArttsjWg* 

^ix^V^-f^yFSrfflV^ikSr^iSk-r?. (1 
3 ) tiSttfHfiXRB^-f «>FfS B H B ^ffiM. 

(15) ( 4 ) ~ ( 1 4 ) OMix*Hc|e«<7)^-ffit J: 0 

m%$*T 1 1 0 0°Clil-h 1 6 0 0°CUlTWiaST*jD«i3S 

a-rt -i t zftrnt-thtexmy-t y f**saco« 

[00 15] ( 1 6) JP^H-ftmro^^yF* 
JSAtc^iBKJaaSrJfi-TiN i ^l±Jn^?im^ 
^>fttV F#feAlC^77 r'f F^l^^aSrSS-t 
^k$r#gi!t-rt (15) fclBttiOffiWSir-f^^P 
^A^Mit^a. 

(17) ^It^tt^fflmillt^^-JI* 4 ' 1 0 To r r Jil 

TT*>tci k s-iftiak-rs (i5) ttzu (i6) tcia 
iK^ffiXPur-f tty F#-M B B B coiei6^»j&^)£„ 

(18) #B§-ft.ttSH^ti. **t*t»^HJ:«)7 , 5 
XvT'fttik2:^mk-rt ( 1 5 ) - ( 1 7 ) <DWtl 

Mzimcoi&xf&yj ^ y Fm^A^ast^ffi. 

(19) 0. 1 c tl2.±cr>yj t^y F#JiA5r. <gE 
^WMfcttSHSl+T 1 1 0 0*CJJLh 1 6 0 O'COTW 

aflE-pjassfejra-r s i k Srwmk -t u&xmrj y 

(20) mm&mnyj ^y h*©a*4. n ai« 

^■ft^'f tty KJMSAT * t * 3 . »V4 J4*SAii*« 

*yK#teA-c*sikS:^fat-rs (i9) \,zim<n 

[0016] (21) Urmm-t t Innyj ^ y f* 
»B B B Ci$?i^*Pi2TfiS-r *\ Rt>"4 fcJiWftWlflW)^ 
>f -\*e >- F A t/77T-(h * IW i 

tZWmt-fZ (19) 4 /Hi (20) tclEtK^jt*- 

m. 

(22) ^K-fbtt#fflm{i®!*O^E*i 1 0 T o r r JJl 
Ttftiit S-Wmk-Tt ( 1 9 ) - ( 2 1 ) OMix^ 

(23) mtMEsmssit* Tkmttts/fxtzz&T-? 

X-VX'hhZ, k Ztmt-th ( 1 9 ) - ( 2 2 ) <7M5jil 

(24) ( 1 9 ) - ( 2 3 ) cOMil*»fc3e«<0»S 

m^mzx ^xwmztifcz tzw&t^-zi&xmyj 

^VHJMSA. 
[00 173 



(6) 
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o ^ B B a tt<7) a v & 1 1 a M^-f -V* > V f i , S^^O 
3fcOfe*. #t«0^g*^ B B a ttS{bO±H-C'$>^>- k*< 

(5 k ^ i: 3&Wfi»Srie ,£k LT?6£ LT V >4 £ k tffc 

^PiScomisr*^-. kdw, mm±wt^zii, s 
fi 5 o o m mm^mtmco^y-i tt> Ka^fcfi 

{iJlJS^tWi'ixS^T'^^ilTfcO .500^ 
cOti -5 £ 9 L JjUSJIT* & tinb , £ ix i TliJgft k L 

^^ztwxmv yt" y 7 ^ comm^^m hmz^tz. 

H l tc^-T J; 3 & - iSJSH&C i S^jfc&.ftc^fcKPiB 

(i , «t«XPfi«^-«l^(±^ B B B C^PSco^^ k * t (?) Srffl 
v^i SMiWT* 6 k # *. . — J*ffl**ft L fc* 
teft<O^RB<O^:^aJ^*rflJ0ffiU» .I:fx£«fc§ B B B k LT 
1 1 aIN -T^e >- h'ttB A£&J£ Ltzt Z -?> s 

v ^aycre* ^p a p«o^M -vt y Fa^jRt** s £ k 

[00 18] -r^ri5*>, *»^J4*SAXMO^rv^r>f 

•v* y h* JiMs^^iawrare* o t . ; &mmmz x h y 

A^y Y-W&& J kmi i £. fc*JV ^T , S&AC&i AXRS 
<9=5rv ■> r-Y -V^E y K Jft&fl Srfflv ^£ i k £#Sfck S . 

mteik^xmcom mixm f xyy? x"& 5 ntffft 
lv*. w&ght-t&mmcoy-i tt^Kwi £?L&k- 

tf^SXffi*. ^Fttft. fltJUSW. #H*XML M^k^o 
^5 7Tf$£iJT SXPi^WUf J: k Sr^.tUL 

co^\m.n. ? yy&tmfti&jj&x'frtiytc^. 

(220) 1^(111) M=5:4f«9ll!*rfc:.fc*«£, 5 
y^*^5TtRI^-r &ztlz£ ^ontco . zcoyyym 

x-mzx-z zmm. mmmzhXhtK 5u™m$. 
a±x- . i u mggj xuftmmz&tb &zt &x- § 

[0019] S*S B B B c0^ffi (Rg^ffi) &<?>X-XM 
T t> «t < . a^a B B ^DScOXPi5i?«(± h df ^5 



WfcJlfeil. £c75te^p ( gg|5$ : ^r,tiiLTS^ B 3 B k-ri.cO 
h ^5 7 * fc(±X -y j-yyy-X hlZ£ 0 feSrt t> L < 

(±^ B B B ^®^^i«®^K?I^. ^-^tSJRJ: 0^ B B B F*li> L 

< \t3mi,ztm<o*\, >m»*vi o tu lt a^ B B B k im 

T\ a^ B B B *cOM{4, ®5tlSf^IT-^(ci)5l^S£k^ 
T&S. ZZX\ 3L'yj-yy"rXhliKN0 3 ^rk'^f 
StJS^x-yf-y^lk LTfflV>, a^t'crvVVTiiftX- 

6 0 0-70 o*cw?affi^Tgt^~ aa#ia^-f ^^e y 

HSfASrX sl-yyLXm&mmcDii'y^V -v hco^m 

[0020] [Hi OA - AlffffiT-iaffii L^^M -V^E V F 
& , ±E<50^M3lJS*t-^jf-r«. k , 02 ( a ) CO J; o =Dr 
x>yf-y^t-y h<O^ffi«0B*^Lfe. 02 (s) COM 
H (a). (bK (c). (d)Tfl]KLfciH«t7 
f-b'-y KO^tt®Sr02 (a) % (b). (c), 

(d)tSLfc. x 7 ff7Hi, 4"Da5T'gtS?«A J 
ft< , jgfflSTtix y^-f-y Fcoit^^V^k . 

*«ti» a*fi B B B coii:±a5(i. i7ft7ho«fl&w« 

^-r^^{±. miex-yf-t-y h<o^isv^*. bp 
*> , x -y ^- tr -y f commmxcoiv. », fh- 7 h 

S. «oT*«BH-CJ±, X.yf-t-y h£7)Sg^-COX<y 

^-f-y MST\ ^t^y Fm^D B B cOtttgSrl¥fiiL^. 
^-<7)*S^3X10 5 ^-/cm2 vxrcoyj^^yYit, 

[002 1 ] -^m^ B B B ^ B B H tt$-[S]±§-ti-i.7ffficr) 
— ?k LT , Tx-;P^atiif(fix^Jn^IIS:mJS B B B 

m*mMim£-t&ztimL^b^z.t>tix%t:. . 

L3&»L*JfcW«fett. 0. 1 c t iiLL^ B B B tt^#(cff 
T" 1 1 0 O'CtLk 16 0 O-CJilTOiaJ^T-in^^I^fi 1 

^ o z. k iz x •? . yj^y y 4> trtfe-rs ^ps^m^ 

A^-mi^iXs Sig B B B tt^±-ri>£kS:av^it. ^ 
U /fy^^ttXH (W0. 7 0 9 n m ) Srffl^JtHl 

£W£k*WS8Lfc. 1 1 0 0°C*vST'(±. -SBO^W: 
BffSWJfti^-* £ k A s *n A»ixT v ^ S i)K X»<&WmX' 

msx'% &i3.tim&m±fo±.L%\,^. ttz 1 6 o o°c 

S:^ i £ k 1> <W. ^ffiom^' 

jt^. ^BS* 1 ^:^ < MixT L ^ o (OT'^fflWT'^V ^. 
[002 2] *fc N iOjPSfeMatffl^S^-V^^H 
kLTt±. IlaMcoid'SrBSftttWS^Sr-^^^v^k 
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h $r mm^mzn^-z. ttfxzz,. zmzxK). $mx 
*Sh b b *^# tiis . iD»»l§ ix& *M -v^ v vmik$> 

k. «SJS^l;:L£ft£**LT^S;Li:a 1 3K. $tzX 

^y/f^itexsdso. 7 09nm) tm 

[0023] tmSm$:ff*o*f<Qim%.t LXii. 4t 

wtfmmmmx'h &zt &&mx\ mm^j±^ 1 o t 

LX (itt(c|B£ § ix=5r v , #J x. tfSBR^T^ v =5: k 

7X-?zmm-tzzttfi&£L\\ am&s&i oto 
mmmxu^\ MMmtwsiiz 

imitekAk^^BS-x-yf-v^LS:^. 

[0024] ttztiumm-f&yA y HiuiAcu 

f#W4>iT-l>. Mm^mmzli^^yrA hj£#Bfc* 
jaaS:^ ? i k L l"> . ffcftl$££fl: 
Sfflk LTJ±, 7 oAS^U!-^ ffiKkiBB^l-^iSK: 

J: sis&a^, ffiia-c<75**r 5 x-?*!yi& k*w *>ix 

[0025] 

(HS&tfU ) H2(c^M J r ;: e>K^fiic^fflv^iS^li 
j£ (SJKHii) i^t. -I d TjK^M i izit&fcyA -V 

fmzm^tz. m&2\,z\±-mmg.w e s.ixc o 5-^ 

?§$I*lJ&iiF e/Co = 60/4 0 (fiiit) k 



mvtz. i* bizfmnz. mmy-y 9-t lit i £ 1 . 

±"3MUftl*5 7 h (Ig5mm) <OIbI^>f 
^^KmSSalaiOO. 5X0. 5X0. 3mmtCtJ0 

a Lfzi>cox\ xm h 7iz±h mmxim&xm 
(oa.ti>tL%\<->t><n&MA,ti. mmw±mmr B mzm3 o 
'c^fijg^-o< <£ o iztmmm^—?- 5 rttc-t 7 

M. iHiSffiSB^B^fflV^-C, E^]5 • 5GPa, S 

jk 1 3 0 0 °cx 7 0 mrnvm l x fm&±iz y -i ^ y 

H * W* U . * Wf-S*^ l*?7b <75*fe@B^ , 1*1 
ESRT'IS B B B +^S*S:Si|^L^fS*0. 1 

tetAsZm.tftc^ztbmitz. ttz. m-tg&iz 
M^^yM^a (004) mzm^x 2&&mz 

£&Xtmfficr>X3y*y7fi-y~ ( XHiigiiC u K a ) 
er>¥m&%fflj£LtztZ*>. 4. 2arcsectifii 

fc . s 4> t x« h *y -j [z x <o teihftcDxmzmmt 
h tizk/i£xm i M.t?ix%fr'?fz. mz, mtyj^ 

tyHSKNOj mm.i& (6 0 0 — 7 0 0*0 +Kl«r 

T'ffFflB-rSk 2x l 0 2 ^/cm 2 X'b~otz. 
[00 26] (mtmi2) iSSHS^i I b 

ix=5:V%gB#J:r>0. 5x0. 5mmcof* B a B ^r^ffl0tti 

li, Xvf-t-y bOWIMIfC3X l 0 2 Vcm! T'S) 
[0027] ( mm 3 ) iUESStC J: O &&LLtz I b 

xmhtffyyizx v&gkxm^ftifizm^tz* mzz 
x-yf-^xLJt. xm h#7 r 7 7XM.t>titzteg , Bxmz 

WJC-tSSP^tx-yf-f-y bA^'3 x 1 0 6 y-/cm J ^ 
tilJt. X-y^-tT-y hO^V^^- ( 2 X 1 0 3 ^r/c 
m 2 ) J; "9 0 . 5X0. 5mm(?5^ H B B ^r$:^0tbL, «I 
il^atSft (C Lfc . i OflWl«t« 1 k Httb: LT 1 1 a 

S^^yH&ML/l. -tots*. xmwjrKu 

(fft)U5xl0 3 ^-/cm 2 OX7ft7h«S 
CO) JWMTSrll al^^y K*S B B B *^#A>ii^ 0 

[0028] (HJ£^J4 ) JfiSUffitciO-^JjSiLJt I b 
S^^^HSrff^O. 3mmtcX7-f XX?-y hU 
0. 5X0. Smm^SM-^WOfflLTt. ^ix^^ffi 
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iMl>\ WgfiKL-fc. £OffiU3dtWl fcH*fcl/ni 
aM*M-^>-K&-£-j£L7t. Zcot&M. XWk0yJ>-%^ 
(ftelLT5xl0 3 Vcm ! WX-y fUv hS?^ 

co ) ft P D p«^i i a my 4 -re > HlSA**»feiifc . 

[00 29] (HJI0I5 ) SOfcWlfc«fc O^jSLfcffltf: 
Pfil I al/ --f -V^ y K 0 . 3mm|:X7^*7 

M, 0. 5X0. SmmCOf^aitSrWOaiL, Sfe B B a 

tL^„ zcomizmmmi tmrntzLxuamyj^ 

k/Ck'SrV' (T^LT5X 1 0 2 ^\/cm 2 cox-y^-t 
■y 1-#8W>) SftW^rllaS^^^FISft^Wfeix 

[0030] ( yam ) mm&izismcomm&f&yj 

nvK (it@0. 5mm) £fflvvtefl&{±£ji0i 1 k|3| 
SHcII al^ J r ; £>-H&^fiS.. pfifLfc. ^1*5 -y 
hcom^MWj:. II a^^'-< -V^y h'*SB B BM#^.n^. 

axpFwmaLo ■ i p pmiiiTT-. sn^^ra, 

tltz. ay*y^#-:/<o¥«lB£i!!£Ut:k.r 
5. 8arcsec T'-^^B^tt* 1 J: < fc. 

5 x 1 0 s *r/c m 2 X'fo->tz. 

[0031] mmme ) mx^&^x v&i&i-tz. m 

U57hWIb my-i V H#feB B B *^. 1 mm x 
lmmXO. 5mmlCWtilL^t^T\ XilF^"7 7 

tci ^IS^T'i±*SB B B^|5fiolL fc*ufi:v*fc<i0fc»W£. - 
iT.£KN0 3 C0?§ltM^*fcAiXs x<y-f>^L*:. X 
7ft7fWM5X10 ! Vcm' tOtOSrSJS 
9 H B tUfflV*. m&bLX* Fe/Co = 50/50 

<«*jt) tu. aiSB e B^ft?i5Sih«^^), mm$:M4 

XT i 2r2. OfiS%^SnL7t*><75SrfflV->7t. H3^ 
■TJHiftffWfiRB SfflV^-C . JEfi 5 . 2GPaJKl 
3 2 0 °CX 6 0 LT :M V H Sr WfR Ufc . 



VMI ai^ 'f ttV I* #*Sb b b*^# htltz. Z. coy A ^ 
>vz. 7vmz£<0. 1 2 0 CCdMfcU 10 
- 3 T o r r <D3tt£TT 2 B^aDf* Ltz. Bg##£ti 1 0 
-'Tor r%ffiX'$>~>tz. *CDi&CDWm±. T1£<0HJ5£ 
fyij 7 k [5]«(c L T -9" > 7)V £ ^fil t . |g Att £ fflK L 
tz. %&mM<V*W(SAt 1 ■ 8f*T*>r)fc**, SWIf* 

[003 2] (»SCT7 ) OT. *»BBt=i €.^ B B H tt^ 
±coH*fe0iJSr^-t. =5rfc. ^B B Btt^if<I«±^''f ^rtv 

H(O(004) ffllUtJf SrJfiJfflL/i. S'ISW±Mo K «j 
«HtXJS ( «S 0 . 7 0 9 n m ) SrfflV \ 2 JSJI.&T'^ 

xi^feff-cossft^ffieti 2 teiiis-ciiifc i . o fpx-h 

6. ^cO(a*^B B H ttcoi¥1Ik LT, AI3l£anKM(cJ:«S 

{iM^t 1 c tii5SW>t><0T\ JnMMH«y)c?S. S*. 
T;W3">-^ If OSfflftTT 5 (^rBl^l^ff t o . Jn^ 

r>fz. 

[0033] ^riJ, Jt<S<?)fcf)fc:, 
i.ioo onximf&Ltzmm 

2. 1 6 5 0°CTtDML/tlS^ 

3 . i£«7J v J±# 5 0 T o r r <?D|?SIS\TTin^5i!«i Lfz 

mm 

5. %amky?7Tj hmmmz?r%ttfr'itzmm 

t,z~?\iXl>1££k\iZnmLtz. m.2\&, #5*«<0**SA 

[0034] 
[«2] 
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H 2 


l20Torr 


<10" 3 Torr 
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1200*C 


H 2 


120Torr 


<10~ 3 Torr 
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AXIb 


fit 
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H, 


120Torr 


<10" 3 Torr 
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AH lb 


t£L 


747Df£ 


1200°C 


H 2 


120Torr 


<10 a Torr 
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t£L 


7<?afe 


1150°C 


H» 


120Torr 


< 10- 3 To)j 




8 
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1150°C 


h 2 


120'forr 


<10 _, Torr 
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AXIIa 


ttL 
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H, 


120Torr 


lOTorr 
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AXIIa 
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1300°C 
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120Torr 
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120Torr 


<10- 3 Torr 




12 


AXIIa 


t£L 


7-(7nj3E 


1200°C 


A r 


120Torr 


< 10" 3 Torr 




13 


AXIIa 


t£L 


JSiaJllSft 


1200*C 


AM 


< 10~*Torr 


<10" a Torr 
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AXIIa 


KL 




1200°C 


N. 


I20Torr 


5Torr 
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AXIIa 


t£L 


7-^Djfe 


1000°C 


H 2 


120Torr 


<10- 3 Torr 


it 
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AXIIa 


t£L 


7^D^ 


1650°C 


Hi 


lZOTorr 


<10" 3 Torr 




3 


AXIIa 


/XL 


7^UjS 


1200°C 


lit 


120Torr 


50Torr 
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AXIIa 


tsL 




1200*0 


Kfa, 


250Torr 


50Torr 


m 


5 


AXIIa 


*0 


7-I?n?g 


1200*C 


H 2 


l20Torr 


<10 'Ton- 
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AXIIa 


XL 


7^ajg 


1200*C 


H 2 


120Torr 


^O" 8 Torr 
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•?^HJ:?^ i5SNo. l&v>L14«DBiria# 

£rV>L6t0i>cDf±. |S]±*^A>il-Ts iloT^PSOiii. 
[0037] 

[Hfflcosm^ira] 

[01 ] Hll4aua6i6fc:J:4'&ja^-\* : E>KISA+ 



[02] i2 ( s ) ( 1 0 

0 ) miZfc->tzQWm ( a ) . b ) „ (c) RX/ (d) 

zm-tm&m-ch o , 02 ( a > ~ < d > &&mm±. 

[ 0 3 ] 0 3 lifflflaE&fc: i ■& ^-f ^ y H m^ B H B ^fR 
fflcOlitW^fflfK5r^-rHB&ira0T'$> & . 



1 




2 




3 




4 




5 




6 
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[01] [02] 103] 




[#ggffiiE»] 

[tMJBJ ¥ffi.S^3^2 5B 
[#I£«IE1 ] 

mjEtmmmzi 02 

[*iiIEl*l3?] 

[02 ] 02. ( e ) {i^^-f -V* VKfe B B B cO ( 1 0 
0 ) fflfc«)ofcflJ»rffi ( a ) . ( b ) % (c)Rtf 
( d ) t*tH*Ht* 0 , 02 ( a ) - ( d ) 

[*^»iE2] 
[ffljE*f*»»fe] 0M 
[fflUEfrttWIB*] 02 

[ffiIEl*!§] 
[02] 
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